| INTRODUCTION
During rapid eye movement (REM) sleep, complex emotional functionality seems to be facilitated by brain mechanisms (Fosse, Stickgold, & Hobson, 2001) . Dream enacting behaviours (DEBs) (the behavioural enactment of the emotional, verbal or motor components of dreaming) (Nielsen, Svob, & Kuiken, 2009 ) are more frequent during complex dreams (i.e. dreams that are more perceptual, dramatic and emotionally intense) (Nir & Tononi, 2010) .
Whereas complex dreams can occur during both REM and non-REM (NREM) sleep, subjects who are awakened particularly from REM sleep report typical, full-fledged dreams (Hobson, Pace-Scott, & Stickgold, 2000) . Dreams with DEBs appear to be either facilitated by the phasic mechanism, which allows for the 'override' of the endogenous neuromuscular inhibition of REM sleep, or be a result of the disruption in the mechanisms that maintain REM sleep atonia. Either way, DEBs are reported to be more frequent during nightmares or during very sad, angry or mirthful dreams ), thus suggesting a strong, underlying limbic influence, which in fact occurs particularly during REM sleep (Maquet et al., 2005) . Although the association between facial muscle activity and emotional expression during waking has been thoroughly described, few studies have investigated whether or not facial expressions are emotional DEBs.
Different muscular groups in healthy subjects may briefly contract despite REM sleep's muscle atonia. The muscles that are activated particularly during REM sleep include the extraocular, middle ear, lip and chin muscles (McGuigan & Tanner, 1971; Shimizu & Inoue, 1986) .
Activation of the arms and legs (Baldridge, Whitman, & Kramer, 1965; Wolpert, 1960) can also occur, which may correspond to dreamed physical activity (Gardner, Grossman, Roffwarg, & Weiner, 1983) .
With regard to the mimetic facial muscles during waking, corrugator activity has been shown to be strongly associated with the experience and expression of negative emotions (Cacioppo, Petty, Losch, & Kim, 1986; Dimberg & Petterson, 2000) . The electromyographic (EMG) activity of this muscle increases with unpleasant stimuli, whereas the zygomaticus activity increases with pleasant stimuli (Mauss & Robinson, 2009; Rymarczyk, _ Zurawski, Jankowiak-Siuda, & Szatkowska, 2016) . Notably, because the limbic areas strongly affect the facial nucleus, facial muscle contractions (FMCs) are a remarkably clear feature of emotional experiences during waking (Holstege, 2002) .
As for facial expressions during sleep, this has been clinically studied for 100 years (McNish, 1834) . Some studies that recorded the EMG potentials of the corrugator and zygomaticus muscles during sleep found those of the corrugator to be significantly higher than those of the zygomaticus, and both were found to be associated with dream emotion in morning reports (Gerne & Strauch, 1985; Perlis, Giles, Fleming, Drummond, & James, 1995) .
Nevertheless, a replication study by Hofer did not find any significant relationship (Hofer, 1987; in Erlacher & Schredl, 2008) . In addition, dream reflection was described by a study that correlated orienting activity in dream imagery with phasic facial EMG activity of the right zygomaticus muscle during REM sleep. That study found a notable association with a reduction in awareness of feelings during waking (Nielsen, Kuiken, & McGregor, 1989) . However, no follow-up research has been carried out on this subject. In previous studies, we reported that FMCs of the corrugator, orbicularis oculii and zygomaticus muscles were more frequent during REM sleep than during NREM sleep, and that they were also correlated with the number of rapid eye movements (Rivera-Garc ıa, Ram ırez-Salado, Corsi-Cabrera, & Calvo, 2011) . Nevertheless, studies have not yet determined whether or not these contractions are emotional facial expressions.
Despite the strong neurophysiologic findings regarding elevated emotional facilitation during REM sleep, a confounding association with emotional dream mentation has been the subject of controversy, mainly because methodologies for obtaining and assessing dream reports vary (Fosse et al., 2001) . Also, the emotional assessment of dreams has been limited to the recall of basic emotions (anger, fear, sadness, shame, joy, love and surprise), whereas the valence (pleasant versus unpleasant) and arousal (excitation versus inhibition) dimensions of emotions have not been investigated. 7 mm in diameter) on the surface of the left and right corrugator major and the left and right zygomaticus major muscles, using a bipolar configuration with an inter-electrode distance of approximately 20 mm. The facial muscles were visually located by requesting the participant to either frown (corrugator) or smile (zygomaticus). Facial EMG activity signals were filtered at 10-100 Hz with a sensitivity of 1.5 lV/mm. The standard upper limit for skin-electrode impedance was 10k ohms, which was checked both at the beginning and just before the end of the PSG recordings.
The proper placement of the electrodes was verified by a series of calibrations consisting of evoking expressions of anger, happiness, fear, sadness, disgust and surprise, and comparing these expressions with the facial muscle contractions associated with each one (Hu & Wan, 2003) .
On the second night, dream reports were obtained from the sub- 
| Analysis of EMG Activity
The amplitude (voltage lV/mm) of facial activity and the total number, density and duration of contractions were obtained from all facial muscles throughout the REM sleep stages with experimental awakenings. During all REM stages, the facial EMG activity of each muscle was visually determined and quantified in FMCs, which were divided into phasic (those lasting 1-100 ms) and sustained (those lasting >100 ms). Phasic + sustained con- | 3 of 9 positive valence, negative valence, low arousal and high arousal.
Based on that, we generated four final quadrants of emotions (with seven emotions each) corresponding to specific combinations of valence and arousal levels: high negative, high positive, low positive and low negative (Table 1) .
The judges distributed all of the emotions obtained from the sleep reports into the corresponding 28 emotions included in the two-dimensional model, and two scores were obtained based on this categorization: one for the frequency or prevalence of emotions in each quadrant, and another for emotional intensity (ranging from 1 to 7) ( Table 1 ).
| Statistical analysis
The following data were obtained from each entire REM sleep per- 
| RESULTS
The sleep and psychiatric evaluations of all the subjects were normal. Mean age was 25.91 years (SD AE 3.76). 
| Number
The left corrugator had the highest mean number of FMCs during REM sleep episodes (9.96, AESE 1.45) ( Table 3 ). Significant differences were observed between all muscles and the left zygomaticus, as well as between the left corrugator and right zygomaticus (Figure 4) .
| Density
The left corrugator presented the highest ratio of FMCs during REM sleep episodes (1.21 per min, AESE 0.17) ( Figure 5 ).
| Sustained FMCs
The left corrugator had the longest duration of sustained FMCs (5.10 s, AESE 1.04) ( Table 3 ). Significant differences were observed between the left corrugator and the left zygomaticus ( Figure 6 ).
| Prevalence of emotions
The Cohen's Kappa coefficient (0.74, a 0.0001) was used to determine the reliability of the scores that the five judges assigned to each emotional subscale. The analysis of the emotional subscales found high negative (0.64, AESE 0.11) to be the most frequently mentioned, followed by high positive (0.46, AESE 0.09), low positive (0.30, AESE 0.09) and low negative (0.03, AESE 0.02) (Figure 7 ).
| Association between Emotions and FMC
The linear regression showed a prediction between the frequency of high positive emotions and the number of FMCs in the right zygomaticus (total R 2 value of 0.60, p = 0.0001) and the left zygomaticus 
| DISCUSSION
The present study of healthy women confirms the activation of corrugator and zygomaticus facial muscles during REM sleep, which occurs when the incidence of emotional dream mentation is high.
For the first time, we have shown that high positive emotional dream mentation strongly affects both the number of FMCs and the voltage of the right and left zygomaticus muscles. Our findings suggest that zygomatic activity during REM sleep could be considered to be a specific emotional DEB, and that in addition to being associated with emotional arousal, this activity is related to emotional valence as well.
Interestingly, we found a high prevalence of both dream mentation (92.9%) and emotional content (80.4%) in the subjective reports.
These exceeded the 50-66% prevalence rates of emotions reported by previous studies with experimental awakenings, which investigated only the presence or absence of emotions (Cartwright, Luten, Young, Mercer, & Bears, 1998) . They were also slightly higher than the 72.5% and 74% obtained by Strauch and Meier (1996) It is also worth noting that the present study is the first to analyze this wider array of emotions, focusing not only on the presence of emotions but also on arousal and valence. We thereby demonstrated that peak rates in a healthy population corresponded to the high negative category, followed by high positive, low positive and low negative. This finding is consistent with previous studies that only assessed emotional valence (Merritt, Stickgold, Pace-Schott, Williams, & Hobson, 1994) . Although the subjective experience of dream content makes it difficult to generalize some of its features, it is interesting that emotions with higher arousal appear to be common in healthy women regardless of their valence, whereas emotions with low arousal may be a biomarker of affective alterations.
As for the FMC patterns studied, our results were consistent with Gerne and Strauch (1985) , in that the amplitude, number, proportion and duration of the corrugator muscle activity (both left and right muscles) were significantly higher than those of the zygomaticus muscle during REM sleep. Nevertheless, despite its lesser degree of activation, the zygomaticus muscle activity was strongly influenced by a specific emotional arousal and valence (high positive), which is consistent with findings related to waking. In this regard, a lateral component of the emotional facial motor system has been extensively described, consisting of the pathways that are directly involved in emotional expression. Specifically, for involuntary or emotional smiling, the motoneurons of the upper mouth, located in the dorsal part of the lateral facial subgroup, are activated by the lateral hypothalamus, the central nucleus of the amygdala and the bed nucleus of the stria terminalis, which can reach the perioral muscle motoneurons through projections to both the cingulated gyrus as well as to the premotor interneurons in the caudal brainstem (Holstege, 2002; Morecraft, Louie, Herrick, & Stilwell-Morecraft, 2001 ).
Notably, most of these structures are activated particularly during REM sleep (Calvo & Fern andez-Guardiola, 1984) . In addition, research in humans indicates that amygdala activity is enhanced immediately before and after rapid eye movements (Ioannides et al., 2004) , and in our previous study, we observed a positive correlation between the number and density of FMCs and rapid eye movements As indicated by our previous studies (Rivera-Garc ıa et al., 2011), it is important to note that FMCs present two different patterns:
phasic and sustained. These two FMC patterns enabled us to determine that facial muscle activity during sleep can occur either intermittently or in a sustained manner for over 5 s, suggesting a strong inherent excitatory mechanism. One possible explanation for such paradoxical motor activation could be that facial muscles are not subjected to REM sleep's typical motor inhibition, given their inherent mimetic and non-antigravity function. However, because the motoneurons of the facial nucleus are also hyperpolarized during REM (Sirieix, Gervasoni, Luppi, & L eger, 2012) , the activation of the facial muscles may suggest that the limbic facilitator mechanism and prefrontal regions associated with emotional processes. Therefore, the experience of emotions in dreams could actually facilitate the resolution of internal conflict, which can lead to an emotional catharsis (Desseilles & Duclos, 2013) , and improve emotional regulation during waking, as Nielsen et al. (1989) proposed. We suggest that FMCs during REM sleep could serve as a biomarker of such emotional reprocessing and coping during dream experiences, although this remains to be explored. We also suggest that emotional alterations may be reflected in the content of dreams as well as in the FMC patterns associated with affective disorders, serving as reliable biomarkers of mood-regulation mechanisms during REM sleep.
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